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Method for conducting non-invasive early detection of colon cancer 
and/or of colon cancer precursor cells 

Description 

The invention relates to a method of non-invasive early de- 
tection of colon cancer and/or of colon cancer precursor 
cells, it also relates to primers allowing to perform muta- 
tional analyses in selected regions of the genes for APC, 
K-ras, p-catenin and B-raf in a combined fashion, to a kit 
comprising said primers, and, in addition, to the use of 
said primers and said kit in mutational analysis, particu- 
larly in early detection of colon cancer and/or colon can- 
cer precursor cells. 



Various methods of detecting 
prior art. The methods of 
most widely used in medicine 
doscopy and coloscopy. 



colon cancer are known in the 
diagnosing colon cancer being 
are hemoccult testing, sigmoi- 



The hemoccult test, which is based on the detection of 
blood in feces, is not sufficiently specific for the diag- 
nosis of colon cancer due to the diverse possible causes of 
intestinal hemorrhages. Furthermore, the loss of blood from 
small colorectal tumors (< 2 cm) , being 1 to 2 ml per day, 
is so small that it will not always be detected by this 
test. Sigmoidoscopy, which is endoscopy of the rectum, is 
not capable of detecting tumors in the proximal colon. It 
is estimated that 25 to 34% of colon carcinomas are over- 
looked when using this method. Coloscopy, which involves 
endoscopy of the entire colon, detects about 80% of the tu- 
mors having a size of > 1 cm, but represents an invasive 
method and, as a consequence, is barely suitable as a regu- 
lar prophylactic medical examination due to the low accep- 
tance by patients. Therefore, several teams are currently 
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working on the development of methods for the diagnosis of 
intestinal cancer in fecal samples. 

The detection of the carcinoembryonal antigen (CEA) in fe- 
ces (US Pat. No. 005741650 A) is not a reliable test to 
predict an incipient colon tumor; rather, it is suitable as 
an indicator for the appearance of relapses. Using a method 
based on the polymerase chain reaction (PCR), Ahlguist and 
Shuber have been successful in detecting a similarity of 
K-ras mutations in samples of feces and tissue from pa- 
tients with cancer or large adenomas. However, K-ras muta- 
tions occur in less than 50% of all colon tumors and are 
neither present in neoplastic tissue, for which reason this 
marker alone is not sufficient for a detection method in 
the early detection of intestinal cancer. The same group 
has developed a test which detects 15 well-defined point 
mutations in the genes for K-ras, APC, p53 and Bat-26 and 
detects "long" DNA in fecal samples. It is intended at pre- 
sent to subject this test to preclinical studies. Due to 
the large number of mutation sites investigated in this 
test, the expected sensitivity and specificity are very 
high, but indeed, this is an extremely cost-intensive test. 

Previous tests for the determination of mutations trigger- 
ing intestinal cancer do not allow reliable detection when 
using samples obtained by merely non-invasive means, espe- 
cially samples of feces. The prior art discloses primer se- 
quences used to detect individual mutations. When used in 
combination in feces, reliable detection of multiple muta- 
tions is not possible as a result of undesirable interac- 
tions with feces and among each other. In particular, the 
numerous components of the intestinal flora "mask" the 
primers in such a way that the latter no longer bind to 
their targets. Given a combination of primers, well-known 
methods therefore use isolated cells from feces instead of 
directly using the latter. Furthermore, samples of feces 
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also comprise wild-type and mutated DNAs , consequently mak- 
ing direct sequencing of PCR products impossible. 

The prior art also describes a test system for the detec- 
tion of cancerous diseases, wherein detection of an anti- 
apoptotic member of the Bcl-2 family is used in combination 
with a member of the Raf family. In this case, however, 
both markers must be present in the same sample, the sam- 
ples being transgenic non-human mammals or isolated human 
or non-human cells. The above test systems cannot be used 
with human feces sample material. 

Furthermore, the prior art discloses the combination of 
B-raf genes and their use in the detection of tumors. Here, 
the mutants are isolated from a human primary tumor which 
has to be removed by means of invasive surgery. Thereafter, 
a polypeptide is isolated therefrom. Also, healthy control 
tissue from the patient must be collected. This method does 
not allow detection of early mutations. This method neither 
allows investigation on fecal samples, but only on detected 
and isolated complete tumor cells, from which polypeptides 
are preferably isolated. Further, this method is restricted 
to well-defined point mutations, so that mutations such as 
insertions, deletions or other cannot be detected within a 
confined sequence region. Possible combinations with other 
genes are neither disclosed nor made obvious. 

Furthermore, methods allowing detection of circulating can- 
cer cells in body fluids are known. Without isolating and 
detecting complete tumor cells, none of the above methods 
is usable as diagnostic procedure. 

Screening methods for therapeutic agents modifying the 
P-catenin signal pathway have also been described. To this 
end, probes are used, i.e., the so-called cadherin "pertur- 
bagen" . The disclosed sequences hybridize with cadherin, 
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which is a p-catenin-binding protein, but not with p-cat- 
enin itself. 



Further methods are known in the prior art, wherein the DNA 
integrity and the DNA quantity for selected genes, e.g. for 
K-ras and APC, is determined and correlated with standards 
or threshold values. However, these methods neither dis- 
close mutational analysis, nor primer sequences that would 
be particularly advantageous. A common feature of these 
methods is that no mutational analysis is performed, e.g. 
using an automatable electrophoretic procedure such as 
SSCP. 



In addition, methods are known wherein tissues from intra- 
mucosal lesions or colon tumors are isolated from azoxy- 
methane-treated rats by means of laser microdissection. DNA 
is isolated from said lesions and tumors, portions of exon 
3 of the p-catenin gene and of exon 1 of the K-ras gene are 
amplified and directly sequenced using mutational analysis. 
However, such methods cannot be used with samples of feces 
because fecal samples contain a mixture of wild-type and 
mutated DNA. As a consequence, direct sequencing of the PCR 
products is not possible in such methods. 



The object of the invention was therefore to provide a 
method that would allow easy, reliable and effective detec- 
tion of colon cancer or colon cancer precursor cells in a 
sample of feces,' avoiding the disadvantages of the prior 
art, particularly undesirable interaction of primers with 
each other and with a fecal sample. 



The invention solves the above problem by providing a 
method for the non-invasive early detection of colon cancer 
and/or intestinal cancer precursor cells by means of muta- 
tional analysis of the genes for APC, K-ras, P-catenin and 
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B-raf in a sample, said method comprising the following 
steps : 

collecting a stool and/or tissue sample, 
homogenizing the sample, 
obtaining DNA from the sample, 

performing an amplification reaction, preferably a PCR 
reaction, in the genes for APC, K-ras, (5-catenin and 
B-raf, 

using the primers 



s 1 TTGCAGTTATGGTCAATACCC 

a s 1 GTGCTCTCAGT ATAAAC AGGAT AAG 

s2 CCTCAAAAGGCTGCCACTTG 

as2 CTGTGACACTGCTGGAACTTCGC 

s 3 AG C AC C C T AG AAC C AAAT C C AGC AG 

as 3 TGGCATGGTTTGTCCAGGGC 

s 4 ACAAACCATGCCACCAAGCAGA 

as 4 GAGCACTCAGGCTGGATGAACAAG 

s5 TTCCAGATGCTGATACTTTA 

as 5 CTGAATCATCTAATAGGTCC 

for APC, the primers 

s CTGGTGGAGTATTTGATAGTG 

as TCTATTGTTGGATCATATTC 

for K-ras, the primers 

s CTGATTTGATGGAGTTGGAC 

as CTTGAGT GAAGGAC T GAGA 

for p-catenin, and/or the primers 

s TGTATCACCATCTCCATATC 

as GCATTCTGATGACTTCTGGT 

for B-raf, 



wherein amplification products are formed, and 
performing a mutational analysis in the amplification 
products . 

Alternatively, 

s2 : GAATCAGCTCCATCCAAGT 
as2 : TTTCTGCTATTTGCAGGGT 
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can be used as primer pair as/as2 for human APC in said 
method or in a kit. 



Surprisingly , the above combined method allows non- 
invasive, inexpensive and easy detection of colon cancer 
and/or colon cancer precursor cells at a very early stage 
with higher reliability and effectiveness, saving time, ma- 
terial and operating steps, as well as saving cost and fine 
chemicals difficult to obtain. Furthermore, the inventive 
combination of process steps expands the technical options 
of cancer diagnostics, thus providing another way of colon 
cancer early detection. 



Advantageously, the small number of operating steps enables 
optional automation or miniaturization of this method. 

Furthermore, the method according to the invention combines 
the advantages of easy sample collection and the option of 
diagnosing developing colon cancer or colon cancer precur- 
sor cells at an early stage. Being a non-invasive method, 
in which e.g. delivering a sample of feces or, if neces- 
sary, a tissue sample is sufficient, the method achieves 
high acceptance among subjects, which subjects can be hu- 
mans or animals, for example. Therefore, the method can be 
used in routine tests, but also in prophylactic medical ex- 
aminations. Owing to the combination of the three investi- 
gated genes for APC , K-ras and p-catenin and/or B-raf which 
is used, thus being correlated with early mutation results 
during colon cancerogenesis , it is possible to achieve 
higher sensitivity and specificity compared to well-known 
tests which, in particular, are limited to mutation of a 
single gene. Advantageously, the method of the invention is 
not confined to a few well-defined point mutations; rather, 
the method optionally allows detection of previously un- 
known mutations within regions where mutations occur more 
frequently in genes under investigation. 
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Since different types of colon cancer involve different 
pathways of cancerogenesis, one problem in the development 
of a diagnostic kit was to combine suitable markers detect- 
ing, as comprehensively as possible, all types or many 
types of colon carcinomas, also including spontaneous colon 
carcinomas with and without microsatellite instability, 
which can be induced by a variety of stimuli such as nutri- 
tion, frequent consumption of alcohol or tobacco, exposure 
to physical or chemical influences, etc.. 

The selected combination of the above-mentioned four genes 
in combination with the claimed primers allows easy, reli- 
able and effective diagnosis of colon cancer. 

Surprisingly, it has thus been possible to demonstrate that 
the combination of detecting by means of primers selected 
in a well-defined fashion allows non-invasive early detec- 
tion of colon cancer and/or colon cancer precursor cells. 
In the method according to the invention, wherein five 
process steps take effect concurrently, amplification reac- 
tions are performed in four genes using selected markers. 
The individual amplification reactions and the five indi- 
vidual steps of the process take effect concurrently to 
achieve the technical overall success of non-invasive early 
detection of colon cancer and/or colon cancer precursor 
cells in the investigated sample. As a result of the func- 
tional dependence of the individual process steps and am- 
plification reactions, the technical overall success of 
cancer early detection is possible. In the meaning of a 
combination invention, the individual process steps neither 
have to be interdependent nor require simultaneous perform- 
ing. The individual process steps, particularly the indi- 
vidual amplification reactions, do not furnish an isolated 
single result; rather, as a result of the combination con- 
cept of the teaching according to the present application, 
the individual process steps are combined into the inte- 
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grated objective of reliable non-invasive early detection 
in a sample of feces. Such a reliable technical statement 
would not be possible when using the individual, non- 
combined process steps. Single determination of individual 
mutational analyses does not allow any reliable statement 
as to the presence of early-stage colon cancer cells or co- 
lon cancer precursor cells in a sample of feces. The re- 
sults of the individual process steps and, in particular, 
of the individual amplification reactions, can be evaluated 
and combined using an algorithm, for example, so that 
statements as to the non-invasive early detection are pos- 
sible. It is only by virtue of said combination that it is 
possible to make reliable and prompt statements as to colon 
cancer and/or colon cancer precursor cells in a sample, es- 
pecially in a sample of feces. 

In this method, the tumor markers are combined in such a 
way that each sample from a patient is analyzed with a to- 
tal of four markers, namely, each time with two markers, 
alternatively mutated in case of a cancerous disease, from 
at least two different biochemical signal pathways associ- 
ated with cell proliferation or tumor growth. In the pre- 
sent case, markers are the genes under investigation. Op- 
tionally, several sections can thus be analyzed from a 
marker gene. The signal pathways covered by the markers in- 
tegrated in this method are the wnt signal pathway and the 
MAPK signal pathway. Components of the method are the mark- 
ers APC, on the one hand, and p-catenin, on the other hand, 
from the wnt signal pathway, together with the markers 
K-ras, on the one hand, and B-raf, on the other hand, from 
the MAPK signal pathway. This combination of two markers 
from the wnt signal pathway, together with the two markers 
from the MAPK signal pathway, allows reliable diagnosis of 
colon carcinoma. Using this combination, it is even possi- 
ble to achieve a sensitivity in non-invasive colon carci- 
noma diagnostics which is comparable to that of coloscopy. 
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Moreover, and advantageously, these are markers undergoing 
mutation at an early point in time during colon cancero- 
genesis . 

By virtue of the teaching according to the invention, muta- 
tions in genes related to two signal pathways are advanta- 
geously detected: to allow each cell of the human body to 
respond to exterior signals or signals from other cells, 
such signals must be recognized, processed and passed fur- 
ther on. This is effected via intracellular signal path- 
ways. A signal pathway begins with the arrival of a signal, 
e.g. a hormone or a neurotransmitter, at the cell surface. 
The signal molecule binds to cellular proteins, i.e., the 
receptors, which are activated thereby, triggering a cas- 
cade inside the cell, during the course of which further 
proteins are activated. At the same time, the triggering 
signal is amplified. At the end of the cascade or of the 
signal pathway, either enzymes are present which have an 
important function in the metabolism, or transcription fac- 
tors which regulate gene expression. These signal pathways 
regulate the metabolism, growth and cell division, for ex- 
ample. The merit of the inventors lies in the discovery 
that the tumor probability can be determined reliably and 
in a non-invasive fashion by analyzing the wnt signal path- 
way, which regulates cell adhesion and cell migration, and 
the MAPK signal pathway, which controls cell division and 
cell development. Mutations in the genes involved result in 
misregulation of the above intracellular signal pathways, 
e.g. in complete loss of function of a signal pathway com- 
ponent or even in permanent activation and, as a conse- 
quence, formation of a tumor. 

It is a well-known fact that the APC gene is frequently mu- 
tated in colorectal carcinoma. The gene product is a short- 
ened protein which is no longer capable of regulating the 
amount of P-catenin protein present in the cell. In a com- 



- 10 - 



plex with the TCF transcription factor, p-catenin subse- 
quently launches the gene expression of target genes, with 
the consequence of uncontrolled cell proliferation. Alter- 
natively, the P-catenin gene can be activated constitu- 
tively by mutation. In tumor cells, however, it is invaria- 
bly either APC or p-catenin that is mutated, but not both 
at the same time. This makes sense because the two alterna- 
tive mutations have the same effect because the respective 
gene products occur in the same intracellular signal path- 
way, i.e., the wnt signal pathway. 

The situation in the MAPK signal pathway is comparable. 
Similarly, the components K-ras and B-raf are alternatively 
mutated in colorectal carcinoma, thereby being constitu- 
tively activated. In this case as well, the consequence is 
uncontrolled cell division and, as a result, tumor forma- 
tion . 

The combination of alternatively mutated markers APC, 
p-catenin, k-ras and B-raf diagnostically covers two signal 
pathways contributing to tumor formation, and said combina- 
tion of markers allows non-invasive detection of tumors 
with very high sensitivity and at a very early point in 
time . 

As a result of combining the two signal pathways or mutu- 
ally excluding gene mutations from the above-mentioned two 
signal pathways in a single test, it is possible with ad- 
vantage to reliably detect most tumors because at least one 
of the above-mentioned two signal pathways is involved dur- 
ing their formation, with the consequence of impaired cell- 
cell adhesion or increased transcription of genes inducing 
cell growth or cell division. The above composition of the 
spectrum of tumor markers, which is used in the test method 
according to the invention and takes into account the sig- 
nal pathways in the cell important for tumor formation by 
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using mutually excluding mutations as markers each time, is 
different from other previous tests wherein as many markers 
as possible, which frequently undergo mutation in colorec- 
tal carcinoma, are simply integrated in a test. 



Obviously, other pairs of gene mutations which are mutually 
excluded or alternatively present in colorectal carcinomas 
and occur in other common signal pathways can be integrated 
as markers in this method or in a test allowing implementa- 
tion thereof. 



Advantageously, it is also possible to detect previously 
unknown mutations in the selected sequence sections. 

For example, the method according to the invention can be 
performed in such a way that a pea-sized portion is removed 
from excreted human feces and subsequently shock-frozen in 
liquid nitrogen. Of course, it is also possible to use hu- 
man tumor tissue or precursors thereof, such as aberrant 
crypts, adenomas or adenocarcinomas collected during a bi- 
opsy, e.g. in the course of a coloscopy or during a sur- 
gery. Therafter, the sample of feces or tissue sample can 
be homogenized, and this can be done e.g. in buffer systems 
using kits well-known to those skilled in the art. Subse- 
quently, the samples thus homogenized are centrifuged so as 
to allow isolation of DNA from the supernatant of the sam- 
ple homogenate. Optionally, the step of isolating the DNA 
can be preceded by accumulation thereof. For example, this 
can be effected in such a way that target genes are ob- 
tained from the total DNA by hybridizing sequence-specific 
biotinylated oligonucleotides with the target genes for 
APC, K-ras, p-catenin and B-raf and coupling the biotin 
residue to streptavidin, followed by separation via mag- 
netic particles using kits well-known to those skilled in 
the art. The oligonucleotide sequences must be selected in 
such a way that the sequences hybridize with regions 



- 12 - 



flanked by the primers subsequently used or situated close 
to the amplified section. 

Preferably, it is also possible to effect accumulation by 
excluding fragmented DNA with a size of < 200 bp which is 
characteristic for DNA from apoptotic cells. In this way, 
neoplastic "long 11 DNA is separated. Subsequently, another 
amplification reaction can be performed using primers se- 
quence-specific to selected regions in the genes for APC, 
K-ras, p-catenin and B-raf. For APC, the primer pairs are 
selected so as to allow amplification of overlapping se- 
quences in exon 15 within the well-known region of fre- 
quently occurring mutations (mutational cluster region; 
MCR) . For p-catenin, the primers are situated on both sides 
of the MCR located in exon 3, and for K-ras, the primers 
are situated on both sides of the well-known MCR located in 
exon 1. All primers are selected in such a way that the PCR 
products would have a size of from 180 to 350 bp. The fol- 
lowing primer sequences are employed, each one in 5 ! ->3' di- 
rection : 

K-ras 



s CTGGTGGAGTATTTGATAGTG 

as TCTATTGTTGGATCATATTCG 

P-catenin 

s CTGATTTGATGGAGTTGGAC 

as CTTGAGTGAAGGACTGAGAA 

APC 

s 1 TTGCAGTTATGGTCAATACCC 

asl GTGCTCTCAGTATAAACAGGATAAG 

s2 CCTCAAAAGGCTGCCACTTG 

as2 CTGTGACACTGCTGGAACTTCGC 

s 3 AGCACCCTAGAACCAAATCCAGCAG 

as 3 TGGCATGGTTTGTCCAGGGC 
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s 4 ACAAACCATGCCACCAAGCAGA 

a s 4 GAGCACTCAGGCTGGATGAACAAG 

s 5 TTCCAGATGCTGATACTTTA 

as 5 CTGAATCATCTAATAGGTCC 
or alternatively: 

s2 GAATCAGCTCCATCCAAGT 

as2 TTTCTGCTATTTGCAGGGT 

B-raf 

s TGTATCAC CAT C T C CAT AT C 

as GCATTCTGATGACTTCTGGT 



Preferably, it is possible in the further course of the 
procedure to investigate the PCR products obtained with 
said primers, using an agarose gel. However, purification 
of the PCR products can also be effected by means of a kit 
well-known to those skilled in the art, without checking 
the PCR products in an agarose gel. For mutational analysis 
of the PCR products, a number of well-known methods are 
available to a person skilled in the art, such as electro- 
phoretic techniques, preferably single-stranded conforma- 
tion polymorphism analysis (SSCP) . 

Using SSCP analysis, rapid and easy detection of polymor- 
phisms and mutations in DNA single strands is possible in a 
preferred fashion, utilizing the fact that the single 
strands under non-denaturing gel conditions are not linear, 
but are present in a folded state as a result of in- 
tramolecular base pairing. One single base substitution per 
strand is sufficient to cause deviating migration behavior. 
With fragments having a length of 200 bp, the specificity 
should be close to 100%. Migration time, performance, 
crosslinking and acrylamide concentration can be optimized 
individually for different DNA sections, using routine 
tests. Glycerol can be admixed to improve separation of the 
single strands. 
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Here, the conformation of single strands of samples com- 
pared to the wild-type standard can be detected. It can 
make sense in some cases to effect DNA extraction from the 
SSCP gel and sequencing of the DNA thus extracted or of the 
corresponding PCR products in order to specifically detect 
particular mutations. Other methods of mutational analysis 
are DHPLC and DNA chip technology. 

The detection of mutations thus performed, wherein the 
genes for APC, K-ras, p-catenin and B-raf are employed as 
markers, is advantageous because in this way, all types of 
spontaneous colon carcinomas can be detected at a particu- 
larly early point in time, because a high percentage of 
K-ras or p-catenin is mutated in tumor precursors, aberrant 
crypts and adenomas, and either APC or p-catenin is mutated 
in adenomas and early adenocarcinomas. 



Consequently, not only a few well-known mutations can be 
detected with the method according to the invention, but 
rather, all point mutations - optionally including unknown 
mutations - within gene sections known for especially fre- 
quently occurring mutations will be detected. For example, 
this method is superior to immunologic detection of pro- 
teins truncated as a result of mutation. It is especially 
the K-ras/B-raf pair within the combination according to 
the invention that allows particularly reliable diagnosis, 
because the MAPK signal pathway is diagnost ically covered 
by said markers. 



Obviously, the detection of mutations in selected sections 
of the genes for APC, K-ras, P-catenin and B-raf can be ef- 
fected, in particular, by means of a DNA chip, said DNA 
chip including probes for APC, K-ras, p-catenin and B-raf 
from those regions of the above-mentioned genes that are 
flanked by the above-mentioned primer sequences. The term 
"bordered or flanked by primer sequences" means that the 
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DNA chip technology does not necessarily require the use of 
conventional PCR primers amplifying a DNA strand of a 
length determined by the position of the two primers (sense 
and antisense) . In the event of a conventional PCR, the PCR 
product is bordered or flanked by the primers. In contrast, 
DNA chips frequently use single oligonucleotides as probes, 
which hybridize with the sample DNA, and the probe may in- 
clude a defined point mutation, for example. The chip may 
include the above-mentioned primers as probes, but also 
other probes hybridizing with other sections of the prod- 
ucts from PCR reactions with the above-mentioned primers. 

The invention also relates to primer sequences selected 
from the group comprising: 



the 


primers 




SEQ 


ID 


NO. 


1 


TTGCAGTTATGGTCAATACCC , 


SEQ 


ID 


NO. 


2 


GTGCTCTCAGTATAAACAGGATAAG , 


SEQ 


ID 


NO. 


3 


CCTCAAAAGGCTGCCACTTG , 


SEQ 


ID 


NO. 


4 


CTGTGACACTGCTGGAACTTCGC , 


SEQ 


ID 


NO. 


5 


AGCACCCTAGAACCAAATCCAGCAG , 


SEQ 


ID 


NO. 


6 


TGGCATGGTTTGTCCAGGGC , 


SEQ 


ID 


NO. 


7 


ACAAACCATGCCACCAAGCAGA, 


SEQ 


ID 


NO. 


8 


GAGCACTCAGGCTGGATGAACAAG , 


SEQ 


ID 


NO. 


9 


TTCCAGATGCTGATACTTTA , 


SEQ 


ID 


NO. 


10 


CTGAATCATCTAATAGGTCC , 


SEQ 


ID 


NO. 


11 


CTGGTGGAGTATTTGATAGTG , 


SEQ 


ID 


NO. 


12 


TCTATTGTTGGATCATATTCG , 


SEQ 


ID 


NO. 


13 


CTGATTTGATGGAGTTGGAC , 


SEQ 


ID 


NO. 


14 


CTTGAGTGAAGGACTGAGAA , 


SEQ 


ID 


NO. 


15 


GAATCAGCTCCATCCAAGT , 


SEQ 


ID 


NO. 


16 


TTTCTGCTATTTGCAGGGT , 


SEQ 


ID 


NO. 


17 


TGTATCACCATCTCCATATC , 


SEQ 


ID 


NO. 


18 


GCATTCTGATGACTTCTGGT , 
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the sequences 

s CTGGTGGAGTATTTGATAGTG , 

as TCTATTGTTGGATCATATTCG 
being used for K-ras, 

the sequences 

s CTGATTTGATGGAGTTGGAC , 

a s CTTGAGTGAAGGACTGAGAA 
being used for p-catenin, 

the sequences 

s 1 TTGCAGTTATGGTCAATACCC , 

as GTGCTCTCAGTATAAACAGGATAAG , 

s2 CCTCAAAAGGCTGCCACTTG, 

as2 CTGTGACACTGCTGGAACTTCGC , 

s 3 AGCACCCTAGAACCAAATCCAGCAG , 

as3 TGGCATGGTTTGTCCAGGGC , 

s4 ACAAACCATGCCACCAAGCAGA, 

a s 4 GAGCACTCAGGCTGGATGAACAAG , 

s5 TTCCAGATGCTGATACTTTA, 

as 5 CTGAATCATCTAATAGGTCC 

or alternatively, 

s2 G AAT C AGC T C CAT C C AAG T , 

as2 TTTCTGCTATTTGCAGGGT, 

being used for APC, 

and the sequences 

s TGTATCACCATCTCCATATC , 

as GCATTCTGATGACTTCTGGT 



being used for B-raf. 

The primers can be used with advantage in the diagnosis of 
colon cancer and/or colon cancer precursor cells. 

The method uses primer sequences having sufficient homology 
to the regions on the genes for APC, K-ras, p-catenin and 
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B-raf specified below to form an amplification product by 
polymerase chain reaction: 



Designation of gene 


GeneBank (NIH , USA) 
Accession No. 


Primer position 








APC 


NM 000038 


si: 3020-3040 
asl: 3283-3259 












s2: 3765-3784 
as2: 4022-4000 












s3: 4021-4045 
as3: 4334-4315 












s4: 4322-4343 
as4: 4563-4540 












s5: 4483-4502 
ass: 4740-4721 








(alternatively) 




s2: 3722-3740 
as2: 3957-3939 








P-Catenin 


NM 001904 


s: 228-247 
as: 443-424 








K-ras 


L 00045 


s: 4-24 
as: 205-185 








B-raf 


M 95712 


fw: 1671-1690 
rev: 1924-1943 



The invention also relates to a kit comprising said prim- 
ers, and to the use of said kit in non-invasive early de- 
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tection of colon cancer and/or colon cancer precursor 
cells. The kit may optionally include information relating 
to combining the contents of the kit. The kit may also com- 
prise additional chemical reagents required in the detec- 
tion of colon cancer. Furthermore, the kit may comprise ad- 
juvants, vehicles, enzymes, marker substances, as well as 
storage containers, microscopic slides, optical instru- 
ments, or other device components allowing or supporting 
biological, chemical and/or physical determination of colon 
cancer or colon cancer precursor cells. 

Without intending to be limiting, the invention will be ex- 
plained in more detail with reference to the following ex- 
ample . 



Example : 

a) Collection of fecal sample or tissue sample 

Human feces: collect a pea-sized portion of excreted 
feces with collecting spoon, transfer into a commercial 
feces tube, shock-freeze in liquid nitrogen, store at 
-80°C; 

Rodent feces: scrape out a piece of shaped feces from 
the rectum, shock-freeze in liquid nitrogen, store at 
-80°C; 

Human tumor tissue or precursors (aberrant crypts, ade- 
nomas, adenocarcinomas) : biopsy during coloscopy or 
surgery . 

b) Homogenization of fecal sample in buffer systems from 
commercial kits or in TE buffer (e.g. 10 mM Tris-HCl, 
pH 8.0, 1 mM EDTA) , optionally using up to 400 mg/ml 
proteinase K; mix homogenate at 99°C for 10 to 30 min- 
utes, preferably 15 minutes, alternatively at 55°C for 
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30 to 60 minutes, or at 37°C for 30 to 60 minutes; cen- 
trifugation at 12,000 g for 5 minutes. 

c) Isolation of DNA from supernatant of fecal sample ho- 
mogenate or from tissue samples using commercial kits. 

d) (optional:) Accumulation 

a. of target genes from total DNA by hybridizing se- 
quence-specific biotinylated oligonucleotides with the 
target genes for APC, K-ras, p-catenin and B-raf, cou- 
pling the biotin residue to streptavidin, and separat- 
ing via magnetic particles using commercial kits; the 
oligonucleotide sequences must be selected in such a 
way that the sequences hybridize with regions flanked 
by the primers subsequently used or situated close to 
the amplified section; 

or 

b. of the neoplastic "long" DNA by excluding fragmented 
DNA with a size of < 200 bp which is characteristic for 
DNA from apoptotic cells. 

e) PCR with primers sequence-specific to selected regions 
in the genes for APC, K-ras, (3-catenin and B-raf: 

APC: primer pairs allow amplification of. partially 

overlapping sequences in exon 15 within the region of 
frequently occurring mutations (mutational cluster re- 
gion; MCR) . 

p-Catenin: primers on both sides of the MCR located in 
exon 3 . 

K-ras: primers on both sides of the frequently mutated 
codons 12 and 13 located in exon 1. 

B-raf: primers located in exon 15, flanking the codons 
593, 599 and 600. 

All primers are selected in such a way that the PCR 
products have a size of from 180 to 350 bp. 
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f) Checkup of the PCR products on 2-3% agarose gel, pref- 
erably 2.5% agarose; optionally detection of deletions 
or insertions. 

g) Purification of the PCR products using commercial kit. 

h) Mutational analysis of the PCR products using suitable 
electrophoret ic techniques, preferably SSCP: 5 to 14% 
acrylamide gel in 0.5 or 1 x TBE buffer, preferably 8% 
acrylamide in 1 x TBE; electrophoresis at 4 to 15°C, 
300 mA, 2 to 4 hours, or 4°C, 100 mA, 16 hours. 
Conventional staining methods, preferably silver ni- 
trate staining. 

Detection of conformation of single strands of samples 
compared to wild-type standard. 

i) (optional:) DNA extraction from the SSCP gel and se- 
quencing of DNA extracted from the SSCP gel, or of cor- 
responding PCR products. 



